T he incidence of loosening of a cemented glenoid component in total shoulder arthroplasty, detected by means of radiolucent lines or positional shift of the component on true anteroposterior radiographs, has been reported to be between 0% and 44%. Radiolucent lines are, however, dif cult to detect and to interpret because of the mobility of the shoulder girdle and the obliquity of the glenoid which hinder standardisation of radiographs. We examined radiolucencies around cemented glenoid components in 48 patients, with a mean follow-up of 5.3 years, and found progressive changes to be present predominantly at the inferior pole of the component. This may hold a clue for the mechanism of loosening of this implant.
Total shoulder replacement is a satisfactory treatment for the painful and severely arthritic glenohumeral joint although there has been some dispute about its long-term outcome. One concern is mechanical loosening of the glenoid component. A positional shift or rotation of a component on plain radiographs is a firm indication of loosening. These changes are often seen in the long term, although the components may have been loose for quite some time. When assessing early loosening, the nature of any radiolucent lines present is commonly used. For glenoid components the overall prevalence of these radiolucent lines is reported to range from 22% to 95%. [1] [2] [3] [4] [5] A review of the literature shows that the incidence of radiological loosening of glenoid components varies between 0% and 15% after follow-up for three years, 2, 3, [6] [7] [8] rising to between 24% and 44% after nine years. 4, 5, 9 Several authors have stressed the importance of a better insight into loosening 2, 6, 10 since this can have serious adverse effects (e.g., dislocation of the component, osteolysis of the glenoid, glenohumeral instability) and may be a major factor in the long-term functional outcome.
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Detection of early loosening of the glenoid component requires an accurate and reproducible technique of measurement. 6, 8, 12 In 1974, Selvik 13 developed roentgen stereophotogrammetric analysis (RSA) for measuring migration of prostheses. It is possible to measure the position of rigid bodies in three dimensions with a high degree of accuracy, ranging from 0.1 to 0.7 mm. As a result small study groups and a short follow-up are suf cient to obtain an objective view on the success of xation of implants. 14, 15 In order to obtain a better insight into the rate and the mechanism of loosening of a glenoid component and the role which radiolucencies play in the loosening process we have reviewed our radiological data and undertaken a pilot study using RSA.
Patients and Methods
Radiological assessment. these 56 patients, these with a radiological record of over two years formed the basis for the study group which consisted of 48 patients (11 men and 37 women) with a mean age of 70.6 years (30 to 92). The underlying disease was rheumatoid arthritis in 36 patients and osteoarthritis in 12. The senior author (PMR) had operated on all patients. After surgery the patients were reviewed in the outpatient clinic. The mean follow-up was for 5.3 years (2.1 to 10.6). At each visit a true anteroposterior (AP) radiograph was taken. While in an upright position, the patient was positioned with their back to the lm, and rotated through 45°, so that the glenohumeral joint was projected as a line. The immediately postoperative radiograph was compared with the most recent lm. The cement-bone interface was divided into ve separate areas, from cranial to caudal, similar to the method used by Amstutz, Sew Hoy and Clarke. 16 Each area was scored separately, using a modi cation of Souter's system 17 ( Fig. 1) . Two independent observers reviewed the radiographs separately and discussed their analyses until both had agreed a nal score for each area. Radiological loosening was de ned as a progressive translucency around the glenoid component of 2 mm or more, spanning the whole cement-bone interface, or an apparent shift of the component.
RSA.
Of the 48 patients, ve (4 women and 1 man) with a mean age of 69 years (46 to 78) had RSA. Rheumatoid arthritis was present in four and one had primary osteoarthritis of the glenohumeral joint. During surgery, at least three tantalum markers with a diameter of 1 mm were introduced into the collum scapulae. Given the limited amount of trabecular bone in the scapula, the markers were introduced into the neck of the scapula and the acromion as widely apart as possible. This ensured that, despite possible overprojection by the humeral head, enough markers would remain in view for RSA measurements. Another tantalum marker was placed in a drill hole in the keel of the polyethylene glenoid component. The latter was cemented after careful preparation and irrigation of the glenoid fossa. RSA radiographs were taken postoperatively, at six weeks, three and six months and at one, two and three years. The RSA apparatus consisted of two x-ray tubes, one uniplanar calibration box and a lm cassette. The patient's shoulder was centred above the calibration box while in a supine position. Synchronised xray tubes were positioned in such a way that the lm-focus distance was 1.4 m and the centre of their beams crossed at the level of the shoulder, at an angle of 20° to the vertical. Both views were projected on halves of a large x-ray lm, located underneath the calibration box. The radiographs were digitised using the Vidar VXR-12 digitiser (Vidar, Lund, Sweden). Using the dedicated software package RSA-CMS (MEDIS, Leiden, The Netherlands), 18 change in the position of the glenoid component, with respect to the scapular markers, was calculated in three dimensions. From sequential RSA radiographs, the relative movement of the glenoid component with respect to the scapula could be assessed. For accuracy, two RSA examinations were undertaken for each of the five patients and the difference was calculated. The mean errors were 0.03 ± 0.028 mm, 0.06 ± 0.047 mm and 0.111 ± 0.046 mm for the cranial/caudal, medial/lateral and anterior/posterior directions, respectively. The maximum error (0.180 mm) was found in the anterior/posterior direction, the Z-axis of the RSA. The 95% confidence interval of this maximum error was used as a pessimistic estimate of the accuracy of RSA for migration of the glenoid using one endoprosthetic marker and was estimated to be 0.35 mm. This was used as the threshold level for all three directions.
Loosening was defined as a progressive migration of the glenoid component which exceeded the level of accuracy of RSA during follow-up. 20 
Results
Radiological assessment. Of the 48 patients, 40 (83%) demonstrated radiolucency, of some grade, in one or more of the areas. Radiologically, 13 glenoid components (27%) were loose. Of these, ve (10%) were considered to be loose because of a progressive radiolucency, while the remaining eight (17%) demonstrated a shift of the component. Figure 1 shows the distribution of different grades of radiolucency in the various areas. We found an uneven distribution of radiolucency in the ve areas. In 22% a small radiolucent line was seen postoperatively at the cement-bone interface of the superior and inferior rim of the glenoid component, whereas at follow-up more extensive and progressive radiolucencies were seen inferiorly. RSA. The translations of the keel marker located in the glenoid component, as determined by RSA, are shown in Figure 2 . Most translations occurred in the cranial/caudal and medial/lateral directions. In three patients, the total migration of the keel marker was from 1.2 to 5.5 mm. These components were considered to be loose since their migration exceeded the RSA threshold of 0.35 mm in one or more directions. In one patient, a woman with osteoarthritis, the translation in the medial/lateral direction was more than the threshold level of 0.35 mm at the two-year follow-up. Since the migration of the component stabilised and had not progressed further by follow-up at three years the component was considered to be stable. In another patient, a woman with seropositive rheumatoid arthritis, no migration of the glenoid component was found. The radiolucencies seen on the AP radiographs of these ve patients are shown in Figure 2 . In one patient, the glenoid component was considered to be radiologically loose. In the remainder, only minimal radiolucencies were observed.
Discussion
The use of radiolucency as a criterion for loosening of the glenoid component has its disadvantages. Because of the oblique orientation of the glenoid fossa, measurements of radiolucency using plain radiographs are prone to error. 6, 8, 12 Standardisation of the patient's position, in order to minimise these errors, is also dif cult because of scapular mobility and individual anatomical variation. Assessment of the progression of radiolucent lines is especially prone to error due to a change of position of the scapula on serial radiographs. 12 Since the true relationship between radiolucency and loosening is not clear, results will depend heavily on the de nition of loosening. Without a standardised scoring system, different authors have used various de nitions for radiological loosening of the glenoid component. This makes a comparison of the results dif cult. Furthermore, the uneven distribution of radiolucencies described in our study, adds to the dif culties. If loosening is de ned as a complete radiolucency of a certain grade in all regions, its frequency may be underestimated. In our study, RSA has proven to be applicable for measuring migration of the glenoid component. The method, however, requires some practical experience when applied to such studies. It was especially dif cult to obtain RSA radiographs with a suf cient number of markers in view for measurement. A total of three early follow-up examinations had to be discarded because of poor quality. The images in three of the patients in the RSA study group showed that loosening is a process which begins soon after surgery. Although three glenoid components were shown to be loose by RSA, only the most severe case had corresponding signs of radiological loosening. This discrepancy could be due to the positioning of the patient when taking a true AP radiograph, as well as dif culty in the detection and classi cation of radiolucent lines. It is possible that only gross loosening, with an apparent shift of the endoprosthesis or severe radiolucencies, can be detected by plain radiography. Since these signs generally need time to develop, we question the validity of standard radiographs in the assessment of early loosening of cemented glenoid components. No speci c combination of radiolucent lines, or other radiological signs, was found to predict loosening of the glenoid component more accurately than in the RSA group.
We conclude that RSA should be the technique of choice in order to identify early loosening of glenoid components. It is imperative to acquire more knowledge about such loosening and its mechanism since these are major longterm issues for total shoulder replacement. The rate of loosening of glenoid components, as opposed to erosion of the glenoid in hemiarthroplasty, adds to the debate as to whether or not the glenoid should be resurfaced. If the rate of loosening in our small RSA group is representative of the whole patient population, it would argue against the use of a glenoid component.
The presence of progressive radiolucencies at the inferior pole corresponds to the ndings of Amstutz et al. 1 This may hold a clue for the mechanism behind the loosening process. We suggest that the largely cranial force exerted on the humeral head applies shear and rotation to the glenoid component (Fig. 1) . This not only causes a shear force at the cement-bone interface, but will also produce a tensile force on the inferior part of this interface. Stress studies have shown that cement is less capable of withstanding tensile forces, 21 when compared with shear or compression, and this would facilitate loosening in the inferior region. The endpoint of this mechanism would be the 'rocking horse' 22 glenoid component. Future RSA studies should include three tantalum markers in the glenoid component in order to identify rotational changes which form part of the loosening process.
